Purpose: To compare the results of laparoendoscopic single-site (LESS) radical nephrectomy with conventional laparoscopic radical nephrectomy for localized renal-cell carcinoma (RCC). Patients and Methods: This study was designed as a matched case-controlled study from our institute's RCC database. Nineteen consecutive patients who were undergoing LESS radical nephrectomy were compared with 38 patients who were undergoing conventional laparoscopic radical nephrectomy. The matching process accounted for sex, age, operative side, and tumor size. Results: No significant differences were observed in mean operative time (190.8 vs 172.4 min, P ¼ 0.249), estimated blood loss (143.2 vs 199.5 mL, P ¼ 0.235), and complication rate (15.8% vs 21.1 %, P ¼ 0.635) between the LESS and conventional laparoscopy groups. Postoperative hospital stay after LESS radical nephrectomy was 2.7 (2-4) days, compared with 3.9 (3-7) days in the conventional laparoscopy group (P < 0.001). Postoperative pain, as measured by visual analog scale at postoperative day 1 (4.7 vs 5.8 points, P ¼ 0.001), 2 (3.4 vs 4.6 points, P < 0.001), and 3 (2.7 vs 4.0 points, P ¼ 0.008) was significantly lower in the LESS group. Conclusion: LESS radical nephrectomy is a feasible and safe surgical option for localized RCC that demonstrates improved cosmetic outcomes and the additional benefits of decreased postoperative pain and decreased hospital stay.
Introduction

S
urgical resection is the potential curative treatment available for renal-cell carcinoma (RCC). Since the first laparoscopic radical nephrectomy by Clayman and associates 1 in 1991, laparoscopic radical nephrectomy has been well accepted for localized RCC with oncologic equivalency to open surgery, as well as the known benefit of a minimally invasive approach, including decreased postoperative pain, postoperative hospital stay, blood loss, and perioperative complications. [2] [3] [4] [5] In recent years, attempts have been made to minimize invasiveness by reducing the number of trocars. Natural orifice translumenal endoscopic surgery (NOTES) may represent the final frontier of minimally invasive surgery. 6 NOTES, however, is more technically challenging, still experimental, and has increased risk for perioperative complications, including bowel perforation and peritonitis. Thus, interest has increased in LESS, which has been reported in variable urologic disease. 7 Although several investigators have reported their experience with LESS, [8] [9] [10] whether it is equivalent to or better than conventional laparoscopic surgery in terms of overall patient outcome is still a critical question. To clarify that question, we conducted a matched case-control study to compare the results of LESS and conventional laparoscopic radical nephrectomy for localized RCC.
Patients and Methods
Patient selection and outcome measurement
We performed 124 conventional laparoscopic radical nephrectomies from August 2000 to February 2009 and 19 LESS radical nephrectomies from March 2009 to September 2009. Clinical tumor stage was based on abdominal CT according to the 1997 Tumor-Node-Metastasis staging system. None of these patients was considered suitable for partial nephrectomy.
The first aim of this study was to evaluate feasibility and safety of LESS radical nephrectomy for localized RCC. Thus, study parameters, including rate of conversion to conventional laparoscopic or open surgery, operative time, estimated blood loss, degree of postoperative pain, postoperative hospital stay, and postoperative complications, were collected and entered into a computerized database. The degree of postoperative pain was assessed using a visual analog pain scale at postoperative days 1, 2, and 3. A visual analog pain scale, with scores ranging from 1 to 10 points, was constructed so that each patient could mark a point along the scale that best represented his or her pain at that time.
The second aim of the study was to compare results that were obtained with LESS radical nephrectomy with those that were obtained with conventional laparoscopic radical nephrectomy. For this purpose, data from the 19 patients who underwent LESS radical nephrectomy were compared retrospectively with data from 38 matched patients who underwent conventional laparoscopic radical nephrectomy. Matching was performed taking into account sex, age, operative side, and tumor size.
After approval by the Institutional Review Board at Seoul National University Hospital, clinical and pathologic data from eligible patients were retrieved from the medical records and reviewed retrospectively.
Operative technique for conventional laparoscopic radical nephrectomy
Both procedures were performed with the patient in the flank position with the affected side elevated to 70 degrees. We used the transperitoneal approach with the previously described four-port technique.
11 A 12-mm trocar was inserted along the midclavicular line at the umbilicus level for the laparoscope. The main 12-mm trocar for the operator was inserted along the midclavicular line at the subcostal level. Additional two 5-mm trocars were inserted along the anterior axillary line-one at the subcostal level and another at the umbilicus level (Fig. 1) . The line of Toldt was incised and the colon was reflected medially.
Dissection then proceeded medially until the hilum was exposed; the renal vein was then isolated and mobilized for access to the artery. The renal artery was first ligated with titanium clips, and, finally, the renal vein was transected using Hem-o-lok clips or staplers. After mobilization of the kidney, the ureter that was isolated during the procedure was clipped and cut. The kidney was placed inside the laparoscopic bag and retrieved through the 50 to 60 mm muscle splitting incision in the 12-mm port site without morcellation.
FIG. 1.
Trocar placement for conventional laparoscopic radical nephrectomy. 
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Operative technique for LESS radical nephrectomy
Regarding LESS radical nephrectomy, a vertical incision, 4 or 4.5 cm long, was made around the umbilicus. The homemade single-port device, or OctoportÔ (DalimSurgnet, Seoul, Korea) was then inserted at the umbilicus through the incision (Fig. 2) . The homemade single-port device was constructed with the previously described technique. 12 The Octoport is a multi-instrument access port that allows the simultaneous use of up to three or four laparoscopic instruments through separate channels. It consists of an inferior base plate that sits under the skin edge in the peritoneum, an external disc with self-retractor, and transparent silicone cover with three or four channels. Placement of the device is simple and quick (Fig. 3) . After insertion of the port and insufflation of the abdomen with CO 2 , a 5-mm flexible laparoscope with an incorporated light source within the camera head that does not compete for limited space (EndoEye, Olympus, Orangeburg, NY) was introduced.
Using the roticulating laparoscopic instrument (Covidien, Norwalk, CT) to create the necessary angle, along with hook cautery, and ultrasonic scissors, which were part of the standard rigid laparoscopic instrumentation set, LESS radical nephrectomy was performed using procedures similar to those of conventional laparoscopic radical nephrectomy, with no additional extraumbilical incisions. The specimen was placed in the laparoscopic bag and retrieved through the abdominal incision without morcellation (Fig. 4) . The incision was closed with a subcuticular absorbable suture (Fig. 4) .
Statistical analysis
We compared surgical outcomes, including operative time, estimated blood loss, degree of postoperative pain, FIG. 3 . Placement of Octoport system: (A) Insert the inferior base plate; (B) fix the external disc to the abdominal wall using the self-retractor; (C) put the silicone cover on the external disc; (D) fix the silicone cover to the external disc using the groove joint.
postoperative hospital stay, and postoperative complications, as well as tumor characteristics between the two groups. Comparison of surgical and pathologic outcomes was performed by Mann-Whitney U-test for continuous variables and chi-square test for categorical variables. All P values were two-sided, and data were considered statistically significant at P < 0.05.
Results
Patient demographics
Patient characteristics are presented in Table 1 . Of the 57 case-matched patients who were evaluated, 42 male and 15 female patients with a mean age of 51.2 years (22-78 yrs) were included in this study. Age, sex, body mass index, and American Society of Anesthesiologists score did not differ significantly between the groups. Patients from the LESS group underwent a higher number of previous abdominal surgeries compared with the conventional laparoscopy group (21.1% vs 10.5%, P ¼ 0.420), without statistical significance. Table 2 shows surgical outcomes for patients who were undergoing LESS and conventional laparoscopic radical nephrectomy. There was no conversion in the LESS group and one conversion to open surgery in the conventional laparoscopy group. The reason for open conversion in the conventional laparoscopy group was noted as extensive bleeding from the inferior vena cava branch.
Surgical outcomes
Although not significant, mean operative time was longer in the LESS group than in the conventional laparoscopy group (190.8 min vs 172.4 min, P ¼ 0.249) and mean blood loss was lower in the LESS group than in the conventional laparoscopy group (143.2 mL vs 199.5 mL, P ¼ 0.235). Operative time, however, was decreased significantly as the number of patients increased (Spearman rho correlation coefficient ¼ À0.660, P ¼ 0.002) (Fig. 5 ). There were no significant differences in transfusion rate and resumption of oral intake.
Mean postoperative pain, as measured by visual analog scale at postoperative days 1 (4.7 vs 5.8 points, P ¼ 0.001), 2 (3.4 vs 4.6 points, P < 0.001), and 3 (2.7 vs 4.0 points, P ¼ 0.008) was significantly lower in the LESS group. Mean postoperative hospital stay after LESS radical nephrectomy was 2.7 days (2-4), compared with 3.9 days (3-7) after conventional laparoscopic radical nephrectomy (P < 0.001).
Perioperative complications were similar between the two groups. Complications included the following minor complications: Wound infection (n ¼ 1), postoperative fever (n ¼ 1) and postoperative urinary retention (n ¼ 1) in the LESS group and postoperative fever (n ¼ 2), postoperative urinary retention (n ¼ 2), wound infection (n ¼ 1), ileus (n ¼ 1), drug eruption (n ¼ 1), and chylous ascites (n ¼ 1) in the conventional laparoscopy group. 
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Pathologic outcomes
Pathologic examination revealed RCC in all cases. Tumor size, pathologic T stage, histologic subtype, and Fuhrman nuclear grade were not significantly different in patients undergoing LESS radical nephrectomy compared with those undergoing conventional laparoscopic radical nephrectomy (Table 3 ). There was one patient with lymph node metastasis in the LESS group who had a T 3a clear cell RCC.
Discussion
Laparoscopic radical nephrectomy is now accepted as the gold standard for treatment of localized RCC. [2] [3] [4] [5] What was anecdotal in 1991 1 has now evolved into a well-described, easily reproducible technique. Traditionally, laparoscopic radical nephrectomy has been performed with four or five ports, most commonly two 12-mm ports and two or three 5-mm ports. The trend has been toward minimizing the number of incisions and ports, leading to the introduction of LESS radical nephrectomy.
To date, however, the experience with LESS radical nephrectomy for RCC has been reported in descriptive studies. 10, 13, 14 Stolzenburg and associates 13 reported their technique and experience with 10 LESS radical nephrectomies; the mean operative time was 146.4 minutes and blood loss was 202 mL. To our knowledge, this descriptive study included the largest number of patients who received LESS radical nephrectomy to date. The study, however, did not show evidence-based clinical trial data on this technique because of the descriptive nature of their study.
A comparative series between conventional laparoscopic nephrectomy has been performed in only two studies. 15, 16 Results from these studies demonstrated no difference in mean operative time, analgesic use, postoperative hospital stay, and complication rate between the two approaches. An important limitation of their studies, however, was inclusion of patients with nonfunctioning kidney, as well as those with RCC, which obscures the possible benefits of LESS nephrectomy by including two different disease entities.
Results from the current study demonstrated significantly less postoperative pain and shorter hospital stay in the LESS group. These findings are not consistent with previous studies. We believe, however, that our study has an advantage over previous studies because of the homogeneity of the study population. Other factors that may play an important role in the postoperative pain of patients who underwent laparoscopic surgery were identical, except for the number and size of the incision in both groups. It is unlikely that the decreased postoperative pain score after LESS radical nephrectomy was an artifact of bias.
The distinctive feature of our study was that we attempted to analyze the learning curve for LESS radical 
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nephrectomy in its early stage. LESS is a technically demanding procedure that requires a high degree of spatial resolution, dexterity, and technical skill. Assessment of operator competency is an important aspect of quality assurance in patient care. Although the number of patients was small, operative time reduced with experience and reached statistical significance within the initial 13 cases, showing the effect of the learning curve. We can speculate that a short learning curve for this procedure stands on the basis of extensive previous laparoscopic experience with socalled advanced laparoscopic surgery and training for LESS in a porcine model. We have used the Octoport to perform two LESS radical nephrectomies. This device has several distinctive advantages over the previous single-port device. The Octoport was inserted into the peritoneal cavity after incision of the skin, fascia, and peritoneum, which may serve to avoid intraabdominal vascular and visceral injury and abdominal wall bleeding. The tamponade effect of the self-retractor of the external disc may also contribute to decreased risk of subcutaneous emphysema, as well as port-site bleeding. Finally, the cover of the Octoport is constructed of semitransparent silicone, through which we can look into the peritoneal cavity to a certain extent to reduce the risk of peritoneal entry of the sharp laparoscopic instrument.
The potential limitations of this study should be considered. The major limitation was the nonrandomized and retrospective nature of the study design, susceptible to all limitations and biases that are inherent in a retrospective design. We tried to control, however, many factors that could influence the results in our analysis; therefore, despite the limitations of the study, LESS radical nephrectomy is certainly comparable or preferable to conventional laparoscopic radical nephrectomy with regard to subjective cosmetic results and objective surgical results.
Another potential limitation is that there were only a small number of reported cases. We believe, however, that a study to assess whether or not outcomes of LESS radical nephrectomy are comparable or superior to those obtained with a conventional laparoscopic approach would be of particular interest, because no comparative studies have been conducted to compare LESS and conventional laparoscopic radical nephrectomy.
Conclusions
Although technically demanding, LESS radical nephrectomy is safe and effective, resulting in less postoperative pain and shorter postoperative hospital stay compared with conventional laparoscopic radical nephrectomy.
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